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RAPID MICRO METHOD FOR THE TURBIDIMETRIC
DETERMINATION OF SERUM PROTEIN*
I. A. PARFENTJEV AND M.-L. JOHNSON
The significance of altered serum proteins in disease has long been
recognized, but most of the current modes of analysis are either too com-
plicated for routine use or yield unreliable data which are difficult to inter-
pret. In a study of serum proteins for diagnostic purposes, it is essential
to have a simple, inexpensive, but accurate procedure for complete protein
analysis that will require only a small amount of serum and little time.
Since no available technique fulfilled these criteria, we devised a rapid
micro method for the turbidimetric analysis of serum which is convenient
for clinical application.
The method is based on a photoelectric measurement of the dispersed
precipitate produced by (NH4)2S04 in highly dilute solutions of serum.
Not only albumin and globulin, but the sub-fractions of globulin are pre-
cipitable with varying concentrations of the salt; hence, globulin may be
fractionated into gamma, pseudo, and euglobulin with equal facility. When
certain additional studies were made concerning the separation of acid
insoluble proteins derived mainly from the globulin fractions, it was found
that these were precipitable in acetate buffer at pH 5.1 and 6.0. In every
instance, despite the method of precipitation, the protein concentration
was estimated from the observed turbidity.
MATERIALS AND METHODS
The solutions of (NH4)2SO4 used for precipitation of the various protein fractions
were prepared according to the findings of Cohn and others.1 2'", Table 1, which
shows the components of one liter of each salt solution, also lists the protein fraction
that can be expected to precipitate at that (NH4)2SO4 concentration, when a sample
of serum is successively treated with increasingly stronger solutions. It should be noted
that each preparation, brought to a volume of one liter with distilled H20, contained
1% NaC1 and enough gum ghatti to serve as a protecting colloid.
Sufficient 10 N NaOH was added to each preparation of (NH4)2SO4 to bring the
pH to about 7 as indicated by 0.02% phenol red. To prevent microbial growth, the
preservative merthiolate was added to all solutions in a dilution of 25 ppm., save the
50%'o preparation, where it was deemed unnecessary because of the high salt concentra-
tion. The salt preparations were permitted to stand overnight, then filtered free of
undissolved gum ghatti.
* From the Department of Microbiology, Yale University School of Medicine. This
investigation was supported by a research grant from the National Cancer Institute of
the National Institutes of Health, United States Public Health Service.
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With these (NH4)2SO4 solutions, we produced a suspension of precipitated protein
and measured the turbidity, at first on a Klett-Summerson photoelectric colorimeter
and subsequently on a Coleman Universal Spectrophotometer. Calculations are based
on the transmittance at a known wave length of light, 450 X, where the blank salt
solution is adjusted to 0 density, and most of the turbid samples show a 20-60%
increment in optical density reading.
All sera analyzed were limpid, with persistent debris removed by repeated contrifuga-
tion. When either chyle or hemolysis was evident, a blank of the serum diluted in
NaCl was read against NaCl and a correction made by subtracting the optical density
of serum in saline from the final reading made with (NH4)2SO0.
TABLE 1
VARIOUS (NH4)2SO4 SOLUTIONS USED FOR PRECIPITATION OF
SERUM PROTEIN FRACTIONS
% Solution
of (NH4)2SO4 NaCl in Gum ghatti* Protein fraction
(NH4)2SO4 ingrams grams in grams Distilled H20 precipitated
18 183.67 10.0 5.5 to 1 liter largely gamma
globulin
21 216.07 10.0 5.5 to 1 liter gamma, beta, al-
pha globulin
27 270.80 10.0 5.5 to 1 liter beta, alpha, muco-
globulin
50 500.00 10.0 7.0 to 1 liter albumin
* Coleman & Bell Company, Norwood, Ohio.
Our procedure has been to pipette the required quantity of serum or protein solution
into optically ground round cuvettes (19 x 105 mm.). For pipetting we have used
the blue-line Kahn 0.2 ml. pipettes and, recently, the more precise transfer Kirk typet
of a 0.02 ml. capacity. With such minute amounts of material it was necessary to add
0.1 ml. of physiological saline to protect the protein from drying or forming large
flocculating particles upon contact with the precipitating salt. Ten ml. of the
(NH4)2SO4 solution were buretted into each tube; the mixture was well shaken and
a reading was made on the spectrophotometer. A recent modification has indicated that
greater precision may be achieved by using dilution techniques in which larger volumes
are involved. In either case the specific (NH4)2SO4 solution serves as the blank and
increasing concentrations of protein register as increasing optical densities.
To provide a convenient outline of our procedure we have tabulated in Table 2 the
quantities of serum which are analyzed with each concentration of (NH4)2SO4.
Included with the actual amounts of serum analyzed are the appropriate quantities of
diluted material as well as the dilutions which we have found practical and more
precise for wide scale testing.
t Microchemical Specialties Company, Berkeley, California.
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Interpretation of turbidimetric readings
From pilot tests with sera of known protein concentration, it was found
that precipitation with 50%o (NH4)2SO4, which is used for the determina-
tion of total protein, required 0.02 ml. of the serum sample to give a con-
venient optical density reading on our spectrophotometer. Similarly, 0.05
ml. of serum was needed for a corresponding optical density with the 27%o
concentration of the salt which precipitates all globulin.' Using these quan-
tities of serum for total protein and total globulin, the turbidity readings
varied directly with the protein content of each serum and it was estab-
lished that the observed turbidity is a function of concentration.
TABLE 2
OUTLINE OF PROCEDURE: AMOUNT OF SERUM ANALYZED AT EACH SALT CONCENTRATION
Amount of
(NH4)2SO4 concen- serum Preferred Amount of dilu-
Protein analyzed tration (10 ml.) analyzed dilution tion analyzed
Total protein 50% 0.02 ml. 1-6 0.12 ml.
Total globulin 27% 0.05 ml. 1-3 0.15 ml.
Euglobulin 21% 0.05 ml. 1-3 0.15 ml.
Gamma globulin 18% 0.10 ml. no dilu-
tion
However, if the specified amounts of a protein solution gave optical
densities below or beyond the range of our spectrophotometer (optical
density 0.15 to 0.40), we substituted an amount that would be readable, and
by the appropriate correction for volume calculated the actual concentration
of the solution.
When investigating the progressive increase of optical density that paral-
lels increasing protein concentration, sera of known protein content were
taken in amounts calculated to give turbidity readings corresponding to
4, 5, 6, 7, and 8 grams per 100 ml. when precipitated with the 50%o salt
solution, and in amounts that would correspond to 2, 3, and 4 grams when
precipitated with the 27%o concentration. The optical densities of all these
dilutions were read, averaged, and plotted against the protein concentra-
tion and were shown to have a straight line relationship (Figs. 1 and 2).
When these data were used to derive the slope of the line (y = a + bx),
"a," in each instance, was insignificant and considered equal to zero for all
practical purposes. Hence, if the known protein concentration of a serum,
expressed in gm./100 ml., is divided by the observed optical density reading,
a constant factor is the quotient. The factor for each sample in Figures 1
and 2 was calculated and the average factor for each salt concentration was
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established (ref. Table 3). Thereafter, the protein fraction of unknown
sera could be determined by simple multiplication of the observed optical
density (OD) by the specific factor for total protein (KTP) or total
globulin (KTG) as the case might be.
This procedure for establishing a factor has been repeated with many
sera of known protein concentra-
tion, comprising 495 analyses.
The per cent error of each sam-
ple was determined by dividing 0/
the concentration difference of the
two methods, turbidity and a t 0.1
standard procedure, by the known z
0 0.250 concentration, and the coefficient /
of variation was found to be less
v 0.500
than 6%o.
a
Standardization of analyses 0.150
The above data indicate that ._
establishing a factor by a tech- 4O.0 AT 6.0S. 7.0 IN 8 0.0
I ~~~~~~~CONlCBNTRATION OF TOTAL PROTEIN IN GM/100 CC
nique familiar in colorimetry is iquie fapplicabe t lotrbiimetric FIG. 1. Relationship of optical density to quite applicable to turbidimetric increasing concentrations of total protein.
studies of dilute protein solu-
tions in (NH4)2SO4. Our calculations are quite simplified, however,
because the amount of serum analyzed is constant for any one salt concen-
tration and it is posible to dis-
O.O3 pense with a consideration of
volume. Furthermore, one factor
0.50/ suffices for each (NH4)2SO4
> / solution since the concentration of
; z any specific fraction varies with-
0.150 in comparatively narrow limits.
Nevertheless, these factors will
0 / vary with each spectrophotometer
0.100 and electrical source used and
from one salt concentration to
5. . 0 4.0 another. Adjusting a photoelectric CONCENTRATION OF TOTAL GLOBULIN IN GM/IOOCC cell against a Didymium filter of
FIG. 2. Relationship of optical density to known optical density is not suf- increasing concentrations of total globulin.
ficient; in addition, the instru-
ment must be calibrated and checked against protein solutions of known
concentration. For this purpose and for calculating factors with other salt
concentrations we have used both whole human sera previously analyzed by
accepted procedures as well as special standards prepared from purified
protein.
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Referentce sera of known analysis*
Basic among our standard protein solutions are the sera analyzed for
nitrogen by the Kjeldahl method, where multiplying by the appropriate
factor (6.25) gives a direct estimate of the total protein present. To analyze
for protein fractions, Majoor5' suggested Na2SO4 in a concentration of
268 gm./liter which will separate albumin from globulin. After precipitating
the total globulin with salt, the supernatant is analyzed for protein, again
by the Kjeldahl method, and the albumin concentration thus determined.
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FIG. 3. Comparison of turbidimetric determinations
(161) with Kjeldahl values for total protein. In each
instance, the turbidimetric concentration is indicated
by +, the Kjeldahl value by .; the per cent error,
expressed in parenthesis, was determined by dividing
the concentration difference of the two methods by the
Kjeldahl concentration. The numbers at the bottom of
the figure merely refer to specific serum standards,
22 in all.
By subtraction from total
protein, the pattern of al-
bumin and globulin in a
given serum sample can
be established.
In comparing our tur-
bidimetric determinations
of protein concentration
with the known Kjeldahl
values, we have plotted
our results with 42 stand-
ards (Figs. 3 and 4). For
convenience, the serum
standards were arranged
in order of increasing
concentration, spanning a
total protein range of 5-8
gm./100 ml. and a globu-
lin range from 2-6 gm./
100 ml. From these data
it is evident that the precision of the method was not favored at any one
level rather than another.
With 22 standards of known total protein content, the per cent error of
turbidimetric analyses ranges from 0.2% to 9.2% with an average error of
3.3%o. The coefficient of variation is 4.21%, which means that two-thirds
of all analyses for total protein will deviate from the Kjeldahl value by
less than 4%o, 95% of analyses by less than 8% (Fig. 3). Similarly, 20
standards of known total globulin, determined by subtracting Kjeldahl
albumin from Kjeldahl protein, gave an average error of 5.7% with a
0.4% to 11.2% range and a coefficient of variation of 6.35%. With globu-
lin, therefore, two-thirds of all analyses will deviate from the Kjeldahl
value by less than 6%; 95% will have an error less than 12% (Fig. 4). In
subsequent tests, more than 150 reference sera were checked against
* Generously provided by Dr. J. P. Peters' laboratory with the kind co-operation of
Miss Hald.
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Kjeldahl values and the difference between turbidity and Kjeldahl was
always within the range described. It should be noted that the error of the
Kjeldahl method itself was never taken into account, but was accepted as
a standard procedure of reference.
Protein standards
Specific protein fractions, dissolved in physiological saline to calculated
concentrations, provide stable standards of reference for establishing factors
as well as for estimating
experimental error. These
preparations of purified
protein are adequate sub-
stitutes for sera of known
constitution and have
proved to be equally pre-
cise, quite stable, and
much more convenient.
Establishingfactors. To
check the appropriate fac-
tor for a specific concen-
tration of (NH4)2SO4,
for example, pure pro-
teins weretakeninknown
amounts and precipitated
with the 50%o or 27%
solution of salt so that the
individual factors might
be determined and aver-
aged. In one experiment
with human serum albu-
.) u
Ei R.90-
z
z J
-° 4.10-
0
z 3.90-
0
z
U0
u t.90-
z
as48 42 St 43 40 s5 37 4 SS 4 S4 as4* 47 33 44 503 45
SERUM STANDARDS
FIG. 4. Comparison of turbidimetric determinations
(113) with Kjeldahl values for total globulin. In this
figure the turbidimetric concentration is again indi-
cated by +. The Kjeldahl ., however, means that the
albumin was analyzed by the Kjeldahl method, as was
the total protein, while the globulin was determined by
subtraction. The per cent error, expressed in paren-
thesis, was determined by dividing the concentration
difference of the two methods by the Kjeldahl concen-
tration. The numbers at the bottom of the figure refer
to specific serum standards, a total of 20.
min provided by the American National Red Cross, the stock solution had
a protein concentration of 25 gm./100 ml. as checked by Kjeldahl analysis.
From this, multiple dilutions were made to cover a protein range of 1.25
to 8.75 gm./100 ml.
A study with human albumin could be made only with the 50%o solution
of (NH4)2SO4, while precipitation of other pure fractions prepared from
serum globulin permitted extensive investigation and comparison involving
the various concentrations of (NH4)2SO4. In subsequent studies, therefore,
we worked with several pure protein fractions such as Fraction II of Cohn.*
A solution of this gamma globulin in NaCl was checked for protein content
by the Kjeldahl technique so that the known material could be taken in
sufficient quantities to give a range of protein concentration similar to the
* Kindly supplied by Dr. Cohn's laboratory, courtesy of Dr. Surgenor.
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albumin standards. Other protein fractions precipitated with varying con-
centrations of (NH4)2SO4 and included in this series were immune globu-
lin from the Pitman-Moore Company, which can be shown to be 16%b
globulin, tetanus antitoxin (1500 units/ml.) from the Eli Lilly Company,
which is 10.54% protein and diphtheria antitoxin* (20,000 units/ml.)
from Lederle, which is 18%o protein.
From the data gathered with these protein standards it was established
that the factor for 50%o (NH4)2SO4 is 24.3 based on 194 analyses, and
13.9 for the 27%o concentration, based on 102 analyses. These figures closely
approximate the factors obtained with serum samples of known protein
content, and the over-all average from data on 901 analyses indicates a total
protein factor (KTp) of 23.8 and a total globulin factor (KTG) of 15.5.
From the data in Table 3 it can be determined that the average factor is
23.8 for 50%0 (NH4)2SO4. This is a weighted average accounting for each
factor with each protein fraction, a total of 495 analyses in all. Similarly,
the weighted average factor for the 27%o salt concentration is 15.5 based
on 406 individual calculations. The average deviation of the factors from
one protein to another has an equivalent protein value of 0.12 gm./100 ml.
for the 50%o solution and 0.24 gm./100 ml. for the 279%o preparation.
Despite the variety of protein standards used, the uniformity of results
attests to the applicability and usefulness of pure protein standards. Appa-
rently, the kind of precipitate and degree of turbidity depend upon the salt
concentration rather than the size and molecular weight of the protein
particle.
Determination of acid insoluble proteins. Until now, the fractions of
serum protein which we have considered have been studied by many and
are familiar to most. The techniques of fractionation are arbitrary methods
that have been worked out for separating the various components of serum
for purposes of study. In another phase of our studies, we have chosen to
split serum protein into fractional components by other than the conven-
tional methods, directing our attention to certain serum proteins, insoluble
in acidulated H20. These acid insoluble proteins are present in all sera
being derived mainly from the globulin fractions, and we have found them
to be of diagnostic significance which will be reported in detail in a subse-
quent paper. However, since our method of analyzing these proteins is
based on turbidity, we feel that a description of the procedure should be
included in this report.
It was found that when 0.05 ml. of serum was added to 10 ml. of acetate
buffer at pH 5.1 or at 6.0, a readable turbidity registered on the Coleman
spectrophotometer. To determine the concentration of the acid insoluble
proteins, larger quantities of serum were precipitated at each pH, cen-
trifuged in graduated tubes, and the precipitate was redissolved at neutrality
* Received through the kindness of Dr. Henry Piersma of Lederle Laboratories.
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in 7/10 of the original serum volume. The actual protein content of the
concentrated material was determined by turbidity with 50%o (NH4)2SO4
and the average concentration of acid insoluble proteins in serum was
calculated to be about 0.5 gm./100 ml. ranging from 0.3 to 0.7 grams.
With sera having acid fractions of known protein content as determined
above, it was possible to calculate each acid fraction constant by dividing the
protein value by the optical density observed with 0.05 ml. of serum at each
pH value. In all, 12 standards were analyzed in duplicate at both pH 5.1
and pH 6.0 and an average factor of 1.93 was obtained.
Estimating instrumental and subjective error. Apart from the primary
advantage of establishing a factor, the stability of our suspensions of protein
precipitate in (NH4)2SO4 makes it possible to estimate the instrumental
error due to hourly and daily fluctuations of the spectrophotometer. In this
study, repeated readings were made of two series of protein standards.
In the first set the same human serum albumin in a concentration of 25
gm./100 ml. was diluted 1-10 and taken in duplicate amounts of 0.03 and
0.05 ml. This was equal to a protein concentration of 3.75 gm. and 6.25 gm.,
respectively, when 50%o (NH4)2SO4 was added and the resulting optical
density multiplied by the total protein factor. The precipitated material,
stoppered in cuvettes and thoroughly shaken before each reading, was
reread over a period of one month. A total of 71 readings was made with
an average deviation of ± 0.25 gm. of protein.
The second series of standards was with gamma globulin where the
known material was taken in duplicate amounts of sufficient quantity (0.12,
0.15, and 0.19 ml.) to give a protein level of 2.5, 3.2, and 4.0 gm./100 ml.
when precipitated with 27%o (NH4)2SO4. In each instance the amount of
protein was the product of the optical density and the factor corresponding
to the salt concentration. The six samples were precipitated with either
27% or 50%o (NH4)2SO4 as required, stoppered in cuvettes, and reread
96 times over a one month period. The average deviation was ± 0.21 gm.
of protein for 27% (NH4)2SO4, and + 0.53 gm. for 50%o (NH4)2SO4.
From this it can be calculated that the average instrument error for total
protein is 6.5%o, for total globulin 6.6%o.
The described rereadings of precipitated standards day after day indicates
the stability of our spectrophotometer. Values, calculated from these re-
peated samplings of stock solutions of protein as well as sera of known
analysis, show reproducible results with an average error of less than 7%o.
To study the subjective error of the individual worker, we compared data
from the same serum samples obtained by different people at different times.
On the basis of 48 analyses, the average deviation for total protein was
2.7%,o for total globulin 4.4%o.
Before concluding this section, several advantages of protein standards
should be emphasized. First and foremost, the use of pure protein fraction
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frees the turbidimetric method from dependence on any other analytical
procedure. In addition the spectrophotometer of choice may be readily
standardized with solutions of purified protein and because of the stability
of the dispersed precipitate, these standards may be sealed in cuvettes and
kept indefinitely. Solutions of known protein content are also useful for
evaluating comparative analyses to determine subjective error.
Consideration of nephelometry
Investigating the possible use of nephelometry as a more precise pro-
cedure for the measurement of precipitated protein, we have used the
Coleman Photo-nephelometer and have analyzed several sera that had been
fractionated by the Na2SO4-Kjeldahl technique. In order to use protein
material in quantities that are identical with those analyzed by turbidimetry,
it was necessary to dilute the serum for nephelometry, 1: 40 for total pro-
tein, 1: 8 for total globulin. Thus, for an average total protein of 6.5
gm./100 ml., it may be calculated that the actual protein analyzed was
0.00016 gm.; for an average total globulin of 2.7, 0.00038 gm.
Estimation of serum total protein by this modification gave an average
error of 5.7%o, based on 18 analyses. When total globulin, diluted 1: 8,
was analyzed in a similar way, the average error was 10%o. Although
nephelometry is sensitive to more minute amounts of protein than is tur-
bidimetry, our pilot studies are too few to permit a proper evoluation of
the instrument for clinical use in the fractionation of serum.
The rapid micro method compared to accepted procedures
Comparison with the Kjeldahl analysis for protein. Sera analyzed by the
Kjeldahl method have been used as one series of reference standards for our
rapid micro method, and therefore the comparison between turbidity and
Kjeldahl is considered in detail under "Standardization of Analyses." It
will suffice, then, to recall that the average difference between the two
methods is less than 5%o, and it may be concluded that the precision of our
method falls within the limits prescribed for routine analyses.
Since an estimation of albumin by either the Kjeldahl or turbidimetric
method is dependent on the precipitation of globulin, it is interesting to
compare the various salt concentrations used. The (NH4)2SO4 solution
recommended by Cohn' for the precipitation of total globulin is 270
gm./liter, which closely approximates the 268 gm./liter of Na2SO4 used by
Majoor7 and the 280 gm./liter of Na2SO3 used by Wolfson.'0 In our experi-
ence, separation of total globulin by 270 gm./liter of (NH4)2SO4 is quite
clear cut, and the concentration of the salt must be increased by at least
10%o before any albumin is precipitated.
We have not compared turbidity with the Biuret Method since analyses
by Biuret are often found to deviate from reference Kjeldahl values by as
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much as 10%. Nevertheless, it is worth noting that Kibrick and Blonstein,8
using Na2SO4 and Biuret, subfractionated serum globulin into alpha, beta,
and gamma globulin.
Comparison with electrophoretic data. The average of our analyses of
normal human sera gives a protein pattern which is in close accord with
the normal electrophoretic patterns described by Petermann and Hogness9
and by Mider, et al.8 Table 4 indicates the average values determined by
these two series of electrophoretic studies and compares them with the
average protein pattern established by our turbidimetric technique. How-
ever, to compare these electrophoretic analyses of plasma with our data on
serum, it was necessary to subtract each author's value for fibrinogen from
his total protein and total globulin and to make a corresponding adjustment
of the albumin-globulin ratios.
TABLE 4
ELECTROPHORETIC AND TURBIDIMETRIC ANALYSES OF NORMAL HUMAN SERA
Total Total Gamma Albu-
prot. glob. glob. mnm A/G ratio
Electrophoretic-Mider, et al.8 6.52* 2.48* 0.66 4.04 1.63*
Electrophoretic-Petermann, et al.9 6.65* 2.62* 0.74 4.03 1.54*
Turbidimetric (74 sera) 6.77 2.60 0.64 4.17 1.60
* Calculated from the authors' data by subtraction of their value for fibrinogen.
It should be noted that Mider found an 8% discrepancy between his
electrophoretic values and those obtained by the Na2SO4-Kjeldahl pro-
cedure, a somewhat greater error than that which occurred with our
method.
Comparison with related turbidity studies. Separating the protein com-
ponents of serum with salt has been an accepted procedure for years and
analysis based on turbidity is not new, but the application of the combined
techniques to serum fractionation has been limited to a few studies with
globulin. In 1939, Looney and Walsh' described a turbidimetric estimation
of globulin using 1 ml. of a 1: 10 dilution of serum in 3 ml. of fully saturated
(NH4)2SO4 and 2 ml. of 2% gum ghatti. This would make their
(NH4)2SO4 concentration approximately 25%o, which is somewhat less
than that generally accepted for the separation of total globulin.' Although
these workers also determined total protein by turbidity, it was precipitated
with 5%o sulfosalicylic acid.
Recently, Huerga and Popper2 have adapted the procedure used in the
thymol turbidity test to measure serum gamma globulin. Using 18.9%o
(NH4)2SO4 in a 2.93% solution of NaCl without colloid, they found an
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average difference of 15%o between their method and electrophoretic studies.
With a similar technique, Levin, et al.4 estimated serum gamma globulin
by turbidity using 19.3%o (NH4)2SO4, a slightly higher concentration than
that used by the preceding workers. Their data indicate good correlation
between turbidimetric values and micro-Kjeldahl analyses.
CONCLUSION
A rapid and convenient method for the complete fractionation of serum
protein has been devised. Applicable to all serum protein components, the
rapid micro method permits analyses which deviate less than 5%o from
Kjeldahl values, and provides data in close accord with electrophoretic
studies. In contrast to Na2SO4 and the Kjeldahl procedure, the use of
(NH4)2SO4 and turbidity requires no lengthy filtration at elevated tem-
peratures and no elaborate and time-consuming analyses for nitrogen.
Compared to electrophoresis, the simplicity of technique and nominal cost
of our method are distinct advantages. Scores of duplicate analyses can be
accomplished within one day, but apart from speed and convenience as well
as economy, the amount of serum required is a small fraction of that de-
manded by the more elaborate procedures. Furthermore, the turbidimetric
method can be constantly checked against standards of known protein
concentration where the pure fraction has been dissolved in varying
amounts. Hence, there need be no dependence on other analytical
procedures.
All in all, the consistency, accuracy, and simplicity of this rapid micro
method for serum fractionation emphasize the possibility of extensive clini-
cal use as a facile routine procedure. Moreover, the method is applicable to
the study of aberrant protein patterns, as will be shown in a subsequent
paper.
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